Antimicrobial activities of tea extracts on the cariogenic bacterium, Streptococcus mutans, were studied. Extracts of green and black tea leaves effectively suppressed the growth of S. mutans as compared with those of oolong and Pu-erh tea leaves. Ethyl acetate and n-butanol extracts of both green and black tea leaves and the non-dialyzable fraction of the water-soluble fraction of black tea leaves showed strong antimicrobial activities on S. mutans. Catechins were found in the ethyl acetate and n-butanol extracts of green tea leaves, while catechins, theaflavins, and gallic acid were found in these extracts of black tea leaves. Polyphenols and esterified gallic acid were found in the nondialyzable fraction of black tea leaves.
Dental caries is caused by microorganisms such as Streptococcus mutans and S. sobrinus1). There have been several reports about the antimicrobial activities of infusions and components of tea leaves (Camellia sinensis L.). Japanese "non-fermented" green tea leaves are known to suppress the growth of S. mutans2). Though many studies of the antimicrobial activities on other microorganisms were performed, little is known as to the suppressing effects of other kinds of teas on the growth of S. mutans. "Weakly fermented" oolong tea leaves and "well-fermented" black tea leaves showed antimicrobial activities against phytopathogenic bacteria3) and Vibrio cholerae4). Pu-erh tea, "real black" tea leaves treated with microorganisms such as Aspergillus oryzae for a long period of time, suppress the growth of Bordetella pertussis*3.
Catechins in green tea leaves are thought to be the main components which suppress the growth of microorganisms including S. mutans2),3). Since the amount of catechins in the above "fermented" teas is low5),6), other active components besides catechins are expected to be present in "fermented" teas. As other anticaries polyphenols in "fermented" teas, oligomeric catechin-like polyphenols in oolong tea leaves and theaflavins in black tea leaves were shown to inhibit the activity of glucosyltransferases (EC 2. 4. 1. 5) produced by S. mutans7. However, the antimicrobial activity of the polyphenols in oolong tea leaves on S. mutans was very weak9) and that of theaflavins has not been reported.
In this study, we have compared the antimicrobial activities of extracts of various tea leaves on S. mutans, and we discuss their active polyphenolic components. 
Samples of tea leaves
The following commercial tea leaves were used in this study: "Yabukita" Japanese green tea leaves, "Tie Kuan Yin" oolong tea leaves, "Darjeeling" black tea leaves, and "Fuji cha" Pu-erh tea leaves.
Preparation of tea extracts
Tea leaves (5 g) were added to 100 ml of boiling water. The mixture was left for 10 min and then filtered through a filter paper. The filtrate was lyophilized and the residue was dissolved in water.
Preparation of fractions from the infusions of green and black tea leaves Green or black tea leaves (50 g) were added to 500 ml of boiling water. After 10 min, the infusion was filtered and the filtrate was extracted with 400 ml each of chloroform, ethyl acetate, and n-butanol successively.
Each fraction was evaporated and the aqueous residue was lyophilized then dialyzed with Seamless Cellulose Tubing (small size 18 from Wako Pure Chemical Ind., Ltd.). The dialysate and non-dialyzable fraction were lyophilized.
Assay of tea samples and polyphenols for antimicrobial activity
The cariogenic bacterium, S, mutans MT8148, was supplied by Dr. S. Sakanaka, Central Research Laboratories of Taiyo Kagaku, Co. , Ltd. The bacterium was precultured in TTY broth according to Hamada and, Torii10 ) at 37C for 20 h and approximately 150 cells were applied to agar medium containing 0. 5% peptone, 0. 5% yeast extract, 0. 5% glucose, 0. 1% sodium sulfate, 1. 5% agar, and tea samples or polyphenols of various concentrations in a Petri dish. (+) C, EGCg, ethyl gallate, gallic acid, tannic acid, and theaflavin monogallate-B were used as reference polyphenols.
Tea samples or polyphenols were added to 25 ml of the medium at final concentrations of 100-5000 mg/ml after they had been dissolved in water at 60C. After incubation at 37C for 24 h, the numbers of colonies formed were counted.
The lowest concentration of a sample which gave no growth of bacteria was defined as the minimum inhibitory concentration (MIC). MIC was estimated at least 3 times in each experiment.
Determination of the contents of the components in tea samples
The contents of catechin in tea extracts and their fractions and the contents of gallic acid and theaflavins in the fractions were measured by the high performance liquid chromatographic method of Yoshino and Hara6). The following major tea catechins were quantitated: (+) C, (-)-epicatechin (EC), (-)-epigallocatechin (EGC), (-)-epicatechin gallate (ECg), and EGCg. The contents of polyphenols were determined by the methods of Folin and Denise" and expressed as the amount of (+) C. The contents of sugars in the fractions were measured by the phenol-sulfuric acid method12).
Results and Discussion
The yields of the extracts from the infusions of green, oolong, black, and Pu-em n tea leaves were 34. 5, 25. 1, 32. 1, and 23. 2% (w/w tea leaf), respectively.
The MIC values of the extracts obtained by the lyophilization of tea infusions are shown in Table 1 . The extracts of green and black tea leaves showed strong suppressive effects on the growth of S. mutans as compared with those of oolong and Pu-em n tea leaves.
It was reported that the main antimicrobial ingredients were catechins, especially EGC and EGCg, in green tea leaves2). The MIC of EGCg was 700ug/ml in this study, at a similar level to those of the extracts of green and black tea leaves.
The MIC values of reference polyphenols are shown in among all fractions, and a part of EGCg was also found in the n-butanol extracts of both tea leaves. The main antimicrobial ingredients in green tea leaves are thought to be catechins, as previously reported2). However, the total contents of EGC and EGCg in these fractions of black tea leaves were 28. 9 and 57. 0% of those of green tea leaves. The antimicrobial activity of the non-dialyzable fraction of the aqueous residue in black tea leaves was also as strong as that of the above fractions, although EGC and EGCg were not detected in this fraction. The above three fractions of black tea leaves contained large amounts of polyphenols, like the ethyl acetate and n-butanol extracts of green tea leaves (see Table 3 ). Therefore, major antimicrobial ingredients in black tea leaves are thought to be polyphenols other than catechins. The content of gallic acid was markedly high in the ethyl acetate and n-butanol extracts of black tea leaves. The MIC of gallic acid on S. mutans was 2, 000ug/ml in this study. The antimicrobial activity of gallic acid was lower than that of EGCg, but higher than that of (+) C (MIC > 5,000ug/ml in this study). Theaflavins are oxidative products formed from catechins during the "fermentation" process. They were detected in the ethyl acetate and n-butanol extracts of black tea leaves to the same extent in this study (approximately 1. 5% w/w fractions). The content of theaflavins in black tea extract was equivalent to approximately 12% of total catechins. However, the antimicrobial activity of theaflavin monogallate-B (MIC=500ig/ml) was as strong as that of EGCg. Gallic acid and theaflavins are considered to be possible contributors to the antimicrobial activity of the ethyl acetate and n-butanol extracts of black tea leaves.
Non-dialyzable material in the aqueous residue of black tea infusion consisted of watersoluble compounds with molecular weights of more than approximately 12, 000. A small amount of sugars was detected in this fraction (approximately 15%w/w). This fraction of black tea leaves contained a considerable amount of esterified gallic acid, and the gallic acid content was increased up to two-fold by tannase (EC 3. 1. 1. 20) treatment.
Gallic acid esters of polyphenols or sugars might act as antimicrobial components in this aqueous fraction of black tea leaves. As well as EGCg in tea leaves, the ethyl ester of gallic acid, an authentic compound, showed a high antimicrobial activity on S. mutans (MIC 500ug/ml).
Tannic acid is esterified with gallic acid in gallnuts, but not in tea leaves, and the MIC of tannic acid was less than 100ug/ml.
The yield of this fraction was almost the same as that in the ethyl acetate extract in black tea infusion. The components in this aqueous fraction could play an important role in the antimicrobial activity of black tea leaves. Nakamura et al. 13) reported that this aqueous fraction of black tea leaves showed an anti-tumor-promoting effect and contained polysaccharides and polyphenols in the forms of condensed, hydrolyzable, and "mixed-type" tannins. Yamada and Tomita14) reported that 90% of the antimutagenic activity of green tea leaves was abolished by extraction with ethyl acetate and n-butanol, while 50% of the activity of black tea leaves remained after the same treatment. It is, however, unclear whether the active components with these different effects in the aqueous fraction of black tea leaves have similar structures or not.
We have found in this study that black tea extract could suppress the growth of S. mutans 
